Summary &mdash; A common means of combating the mite Varroa jacobsoni is to use systemic agents assumed to be spread by trophallactic interactions between honey bees within a colony. Colonies of Apis mellifera with age-marked bees were used to analyse distribution patterns of these agents. Methylene blue dye was used as a tracer in place of a systemic agent in order to determine possible effects of the method of application on distribution patterns within a colony. Applying a sugar solution by sprinkling a colony was found to cause a faster and more even distribution among the colony members than applying the agent in a feeding-jar. However, the effectiveness was lower and the contamination of combs and top bars was higher. Results show that with lower concentrations methylene blue is a less accurate tracer for food transfer than has been reported in the literature. It is concluded that trophallaxis is of minor importance for obtaining an even distribution of a systemic agent in a bee colony.
INTRODUCTION
In most temperate and tropical regions beekeeping is adversely affected by the mite Varroa jacobsoni Oudemans (Griffiths and Bowman, 1982) . The mite clings to adult bees and feeds by sucking their haemolymph. Reproduction of the mite takes place in capped honey bee brood cells, where the mite and its offspring feed on the pupa (Ifantidis, 1983) . The resulting juvenile bee is often severely affected (De Jong et al, 1982) . Heavily infected colonies will die. The effectiveness of some of the pesticides currently in use, eg Perizin&reg; (Bayer AG) containing the active ingredient coumaphos and Apitol&reg; (Ciba-Geigy) contain- ing the active ingredient cymiazole hydrochloride are supposed to depend on the system of food transfer within a bee colony.
There are 3 ways by which the pesticide can be introduced into the trophallactic network of a colony; it can be supplied: a) in a sugar solution outside the hive, so that it can be collected by foragers; or b) via a feeder on top of the colony; c) or by sprinkling onto the bees, which subsequently lick it. Each of these methods will lead to a different distribution pattern.
These differences might be crucial for effective control of the mite. Nixon and Ribbands (1952) , who trained foragers to feed on a radioactive sugar solution from a dish outside the hive found that after 27 h only 76% of the foragers and 43-60% of all bees were radioactive. We suppose that if the food is given through a feeder, a rapid and much more accelerated uptake will occur. Bayer AG recommends that Perizin be sprinkled without adding sugar. Ciba Geigy recommands the same for Apitol. The manufacturers assume that those bees that are not reached directly obtain the agent through trophallaxis. However, trophallaxis is not stimulated by the simultaneous introduction of sugar solution and Perizin. Rösch (1925) and Lindauer (1953) found that most tasks within the colony are performed by bees of specific ages. The supply of nectar, its dehydration and storage are all activities in which age-dependent division of labour occurs. This could have implications for the distribution of a drug when mixed with a sugar solution.
Moritz (1982) found that the systemic effect is influenced by 2 factors: the volume applied and the time of the year. In this study we investigate possible differences in distribution patterns for 2 application methods, a feeding-jar and sprinking, in order to obtain more insight into the consequences of treatments with a systemic agent.
MATERIALS AND METHODS
Methylene blue (MB) was used as a tracer element to detect food distribution patterns at the colony level (cf Moritz et al, 1981; Moritz and Hallmen, 1986 
Statistical analysis
The existence of normal distribution patterns in the amount of MB consumed was investigated by Shapiro-Wilk statistics (Shapiro and Wilk, 1965) . In experiments I, II and III no normal distributions were found. Therefore, a logarithmic transformation was applied to the amount of MB to meet the criteria for linear regression and analysis of variance (ie normal distribution and equality of variance around the regression line cq among the groups). After this transformation these distributions became normal. Following the analysis of variance, the groups were summarized by their geometric mean (Sokal and Rohlf, 1981 After all exposure times the amount of MB found was significantly higher when the bees were older (linear regression, P = 1.0.10 -4 , y = 0.037x + 2.183; P = 1.0 .10 -4 , y = 0.03x + 2.555; P = .0031, y = 0.019x + 2.293; P = 2.0 . 10 -4 , y = 0.022x + 3.041 after 3, 6, 12 and 24 h, respectively). The increase was ± 10% in bees aged from 2- 
